The common practice today in the market milk plants is to pasteurize the milk at 140°to 145°F. and to hold it at that temperature for ."50 minutes. Then it is pumped over a surface cooler and cooled to below 50°. Such procedure when followed by a skilled operator rarely has a harmful effect upon the flavor, but often does affect the depth of the cream layer. Any methods of procedure that w-ill restore to milk its natural creaming ability or least retard the natural rising of the cream should be of especial value to the market milk industry.
The growing importance of the market milk industry in West Virginia, together with the introduction of much modern machinery, has prompted a study of the effect of agitation and pumping upon the creaming ability of market milk HISTORICAL REVIEW A number of papers have appeared in recent years on the creaming ability of milk and on the effect of certain milk plant operations on the resulting cream layer of market milk. Some have dealt exclusively with the factor of temperatures used in pasteurization, while others have shown the effect of various methods of pasteurization, agitation, and pumping upon the creaming ability of the milk so treated. Only the papers reporting investigational work on tlie factors under direct control of the milk plant operator are here considered.
Hammer and Hauser (1914) in their study on the ' ' in-the-bottle ' ' method of pasteurization found that "a high pasteurization temperature was unsatisfactory for the method of tinal package pasteurization because of the decreased creaming ability and pronounced heated flavor of the milk so treated."
When the milk was exposed for a short time at various temperatures an increased creaming ability of the milk so treated was frequently observed; but with exposures which would satisfy the requirements governing Ijacterial efficiency, sucli an increase was not observed.
Hammer (1916) reported that pasteurization can be so carried out that the de- crease in the creaming ability will not be very pronounced. He furtlier concluded Submitted for publication September, 1928. rResigned October, 192S. that apparently it was impossible to pasteurize milk properly without decreasing the creaming ability. Agitation of milk at ordinary temperatures did not apprccirljly decrease the creaming ability of the milk; occasionally, in fact, there was a slight increase. Kilbourne (1916) stated that one of the important factors affecting the volume of cream in bottled milk was the amount of agitation to which the milk was subjected, especially while hot. In those plants where there was most agitation of the milk, and particularly when pumping of the hot milk was practised, the greatest difficulty with the cream line was experienced. Parker (1917) quoted Professor Peter of the Swiss Dairy School in Berne as stating that the rapidity of formation as well as the depth of the cream line increased up to a pasteurizing temperature of 141.8°F. Beyond this point these factors decreased, but even at 145.4°they were greater than in raw milk. Parker concluded that milk should never be pumped after pasteurization on account of recontamination and because, if the pumping is done while the milk is hot, the volume of cream that will rise on it is greatly reduced.
Judkins and Downs (1918) found during thoir studies in processing milk that the reduction in the cream line of vat-pasteurized milk cooled in the vat was 2.9 percent and when cooled over the cooler, 1.5 percent. In the case of in-the-bottle pasteurization there was no apparent reduction in the cream line. They noted that the higher the temperature to which the milk was heated, the greater was the reduction in cream line.
Harding (1921) observed that the volume of cream on milk began to decrease measurably when the temperature of pasteurization was raised from 142°to 144°F.
As the temperature was increased, the decrease in the volume of cream rapidly become more pronounced; at 145°the decrease amounted to slightly more than 10 percent by volume; at 146°it amounted to 16.0 percent; and at 148°to approximately 40 percent.
Wright (1923) after investigating the effect of pasteurization of market milk in the glass-enameled tank and in the bottle, reported that the glass-enameled tank when used with a surface coil cooler gave very satisfactory results as compared with the in-the-bottle method. The rapid cooling gave a larger volume of cream, and the line of demarcation was very distinct. The milk passing last over the cooler gave a smaller volume than did the milk passing first. Martin and Combs (1924) made investigations into the effect of milk plant operations on the amount of cream rising on milk. They found that when milk was cooled in the pasteurizer a considerable loss in cream volume occurred, the extent of the loss depending on the type of pasteurizer and on the amount of agitation to which the milk was subjected. Hot milk subjected to agitation showed a gradual loss in creaming ability which was very small for the first two hours, but after that it amounted to from 20 to 65 percent. Pumping milk while cold had little effect on its creaming ability. The average of seven trials in which hot milk was pumped showed but a small loss.
Whittaker and co-workers (1925) found that pasteurization at 145°to 146°F. for 30 minutes reduced the cream volume an average of approximatel}-8 percent, with considerable variations above and below. As to the agitation of milk during pasteurization they reported that tests conducted to show the eft'ect of agitation during the holding period were not uniform, but that the tendency appeared to be sli<;htly in t':ivor of holdinfj tlie milk without agitation during that period. Figure 3 , an S percent reduction in cream layer is hardly noticeable. The milk was subjected to agitation for an average period of approximately one and one-half hours, depending somewhat upon the amount of milk received for pasteurization. Of this period, from 23 to 26 minutes was required to .heat the milk to the pasteurization temperatures; 30 minutes was allowed for the time of pasteurization; and the remainder was required for pumping the milk over the cooler.
When the glass-lined tank was filled with milk the agitation was such that the milk flowed in a steady current about the tank. As the milk was pumped over the cooler, thereby lowering the depth within the tank, the rate of agitation increased, becoming so violent that considerable splashing and foaming occurred which necessita*^ed turning off the agitator. . Pumping raw milk at 60°F. and preheating to 85°to 90°decreased thej creaming ability of milk about 9 percent. Clarification of preheated raw milk! had little effect upon the creaming ability of the milk beyond that resulting from pumping and preheating. Pasteurizing pumped clarified milk in a coil-vat pasteurizer, or in a glass-lined pasteurizer, further decreased the cream volume to an approximate total of 14 percent.
